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Objectives: to prospectively evaluate the safety and efficacy of remifentanil during regional anaesthesia for carotid
endarterectomy.
Methods: twenty-eight consecutive patients underwent carotid endarterectomy with combined superficial and deep
cervical plexus block supplemented with continuous intravenous 0.04 g·kg−1·min−1 remifentanil infusion. Depth of
sedation was monitored using the Observer’s Assessment of Alertness/Sedation Scale (OAA/S). The degree of pain,
discomfort and anxiety was self-assessed by the patients using a horizontal visual analogue scale.
Results: all patients experienced adequate comfort and analgesia. No local anaesthetic supplementation was necessary.
No patient had a OAA/S score lower than 4 (with 5=awake/alert to 1=asleep). Respiratory depression did not occur.
Selective shunting was required in four cases. No patient was converted to general anaesthesia. There were no permanent
neurological deficits, cardiopulmonary complications or deaths.
Conclusion: remifentanil as a supplement to regional aneasthesia for carotid endarterectomy, provides comfort and
analgesia without hampering mental status evaluation.
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Introduction rate,8 dramatically reduces the requirement for shun-
ting5,13–15 and allows surgeons to distinguish strokes
caused by clamping ischaemia from other aetiologies.Carotid endarterectomy is a well-established technique
In addition, mental status evaluation provides timingfor the prevention of stroke in selected patients.1–3
detection of perioperative neurological events, al-However, controversy persists concerning the optimal
lowing immediate surgical re-exploration whenanaesthetic modality. Regional anaesthesia appears
deemed necessary.15to be associated with a much lower morbidity and
The main objections to regional anaesthesia aremortality rate as compared to general anaesthesia.4 On
patient anxiety, fear, pain, discomfort, and awarenessthe other hand, general anaesthesia has been widely
during surgery. Intravenous sedation with benzo-and successfully employed with very low peri-
diazepines and hypnotics has been used.16–18 However,operative complication rates and the differences be-
these drugs may impair the mental status evaluationtween the two techniques may be attributed to the
and require measures to control the airway.differences in the risk factors of the patient popu-
Remifentanil is a potent -opioid agonist with anlations.5
ultrashort half-life19 and duration of effect.20 It has beenRegional anaesthesia has also been advocated be-
successfully used to supplement regional anaesthesia21cause in a conscious patient cerebral perfusion during
and if administered at low doses it does not influencecarotid artery cross-clamping can be monitored with
cerebral capacity.19mental status evaluation,5,6 avoiding the use of other
In this report we prospectively evaluate the safetymonitoring techniques that yield a significant number
and efficacy of remifentanil conscious sedation duringof both false positive and negative results.7–12
regional anaesthesia for carotid endarterectomy.Mental status evaluation has the lowest stroke
Material and Methods
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Twenty-eight consecutive patients with symptomaticof Anaesthesiology, ‘‘Istituto Dermopatico dell’Immacolata’’, I.D.I.-
IRCCS, Rome, Italy, Via dei Monti di Creta, 104, 00167 Rome, Italy. and/or high-grade internal carotid artery stenosis
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Table 1. Observer’s Assessment of Alertness/Sedation Scale (OAA/S).22
Subscore Responsiveness Speech Facial expression Eyes
5 Responds readily to name spoken in Normal Normal Clear
normal tone
4 Lethargic response to name spoken in Mild slowing or Mild relaxation Glazed mild ptosis
normal tone thickening
3 Responds only after name spoken loudly Slurring or slowing Marked relaxation Glazed marked ptosis
or repeatedly
2 Responds after mild prodding or shacking Few recognised words
1 Does not respond to mild prodding or
shaking
(>70%) were operated on with regional anaesthesia carotid artery was surgically exposed and cross-
clamped after systemic heparinisation. After the ca-supplemented with remifentanil conscious sedation.
There were eighteen men and ten women aged 58 to rotid artery was clamped, a brief neurologic assess-
ment was performed by means of continuous mental85 (mean 70.7±6.9 years).
We calculated that to show a statistically significant status evaluation, including speech, motor, sensory,
and general cognition, in order to assess the need fordifference (with a =0.05 and =0.20; i.e. with 95%
confidence and 80% power) in risk of adverse effect shunting. Changes in mental status evaluation were
defined as any speech deficits, any significant increasesbetween the data reported by Lauwers et al.18 and a
hypothesised frequency of 20% in our sample, we had in agitation or confusion, any contralateral arm weak-
ness, seizure, or unresponsiveness.to include 25 patients in our study.
Exclusion criteria were neurological disorders in- The standard surgical technique was used, with open
endarterectomy of the internal carotid artery and ever-cluding stroke, claustrophobia, orthopnea and lan-
guage barriers. Informed consent was obtained from sion endarterectomy of the external carotid artery. Distal
intimal endpoint tacking sutures were used frequently.all patients before study entry. Preoperative evaluation
consisted of duplex scan and confirmatory magnetic PTFE or Dacron patching was performed selectively in
patientswith asmall distal internal carotid artery. Mentalresonance angiography. Cardiac evaluation was also
performed in all cases. status evaluation was performed throughout the peri-
operative period, at 5-minute intervals.All patients received intramuscular premedication
with 100 mg of meperidine and 0.5 mg of atropine. Once We used non parametric techniques to analyse our
data. Consequently, we reported the median as a meas-the patient was in the operating room, monitoring was
begun with electrocardiography, pulse oximetry, and ure of central tendency and the interquartile range as a
measure of dispersion. As repeated observations on theinvasive arterial blood pressure measured from the
contralateral radial artery. Venous access was es- samesubjectarenot independent,weusedthenonpara-
metric signed-rank Wilcoxon test for paired observationtablished for administration of fluids and drugs. Oxy-
gen 4–8 L/min was delivered by nasal cannula. Patients to compare observed values at different time-points (be-
fore remifentanil administration (baseline), during cer-received 1.25 mg dehydrobenzoperidol intravenously
to antagonise the possible emetic effect of remifentanil. vical block placement, and during the surgical
procedure). All analyses, including production of box-Continuous intravenous 0.04 g·kg−1·min−1 remi-
fentanil infusion was then administered without any plots, were run on the SPSS/PC+ version 9.0 statistical
package (SPSS Inc., Chicago, IL, U.S.A.).loading dose beginning 10 min before placement of the
block. Depth of sedation was monitored using the Ob- The degree of pain was self-assessed by the patients
using a horizontal visual analogue scale (0=no com-server’s Assessment of Alertness/Sedation Scale (Table
1)22 with the intent of keeping the score equal to 4. Under plaints, 1=slight pain, 2=moderate pain, and 3=
strong pain) at 5-minute intervals. Discomfort andconscious sedation, deep and superficial cervical plexus
block was performed. The deep block was performed anxiety were assessed using the same method. The
maximal scores registered at selected time-points areby the three injection technique at C2, C3 and C4 ac-
cording to Moore,23 using 7 ml 0.7% ropivacaine per shown in Table 2.
injection. The superficial block was performed by in-
jecting a total of 12 ml 0.5% ropivacaine along the pos- Results
terior body of the sternocleidomastoid and along the
inferior border of the mandible. Patients experienced adequate comfort and analgesia
during both the cervical plexus block placement andOnce the anaesthetic block was administered, the
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Table 2. Frequency distributions of maximal scores for pain, discomfort and anxiety registered at selected
time-points.
Baseline Block placement Surgery
Scores n (%) n (%) n (%)
Pain 0 (none) 28 (100) 25 (89) 26 (93)
1 (slight) 0 2 (7) 2 (7)
2 (moderate) 0 1 (4) 0
3 (strong) 0 0 0
Discomfort 0 (none) 28 (100) 26 (93) 25 (89)
1 (slight) 0 2 (7) 3 (11)
2 (moderate) 0 0 0
3 (strong) 0 0 0
Anxiety 0 (none) 28 (100) 26 (93) 25 (89)
1 (slight) 0 2 (7) 2 (7)
2 (moderate) 0 0 1 (4)
3 (strong) 0 0 0
Table 3. Patients vital signs registered during the procedure. Differences between minimal values registered at selected time points
were calculated by the Wilcoxon test (Statistical significance was fixed at p<0.05).
Baseline Block placement Surgery
median (i.r.) median (i.r.) median (i.r.)
Minimal RR (bpm) 18 (16.0–19.0) 16.5 (14.0–18.8) (p=0.01)∗ 15.0 (14.0–17.0) (p<0.01)∗
(p=0.01)°
Minimal SpO2 (%) 99.0 (97.0–99.0) 99.0 (97.2–99.0) (NS)∗ 99.0 (98.0–990) (NS)∗
(NS)°
Minimal HR (bpm) 77.5 (66.0–83.0) 73.0 (69.2–85.2) (NS)∗ 78.5 (70.0–90.0) (NS)∗
(NS)°
Minimal SBP (mmHg) 142.5 (131.5–161.5) 151.0 (131.2–170.0) (NS)∗ 160.0 (130.0–170.0) (NS)∗
(NS)°
Minimal DBP (mmHg) 79.9 (70.0–83.8) 80.0 (71.2–86.0) (NS)∗ 81.0 (70.0–89.5) (NS)∗
(NS)°
i.r.=interquartile range. HR=Heart rate. NS=Not significant. RR=Respiratory rate. SBP=Systolic blood pressure. ∗vs. baseline. SpO2=
Percentage oxygen saturation. DBP=Diastolic blood pressure. °vs. block placement.
the surgical procedure (Table 2). No local anaesthetic
supplementation was necessary in any case.
None of the patients had an Observer’s Assessment
of Alertness/Sedation Scale score lower than 4 at any
time. Heart rate, mean blood pressure and percentage
oxygen saturation remained unchanged throughout
the surgical procedure and the perioperative period
(Table 3). Respiratory rate was significantly slower
during the block placement and during surgery (Table
3). Respiratory depression, defined as a respiratory
rate of <8 breaths/min for >30 s or apnea for >15 s,18
did not occur in any patient (Fig. 1). None of the
patients experienced minor side effects such as sweat-
ing, nausea, vomiting and pruritus. As we did not
observe any adverse events in our 28 patients (point
estimate=0%; 95% CI, 0.0% to 12.3%), we can con-
fidently conclude that although the real risk of adverse
effects is not likely to be equal to zero, it should not
exceed, using our methods, approximately 12%.
Fig. 1. Minimal respiratory rate (RR) registered at different time-Selective shunting was required in four cases, due
points. Values are expressed as medians and interquartile ranges.to the occurrence of reversible signs of inadequate (Norusis MJ. SPSS for Windows professional and advanced statistics,
release 9.0. Chicago: SPSS Inc., 1999).cerebral perfusion during carotid cross-clamping, and
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it was successfully performed under regional an- side effects24 but they can be prevented by the ad-
ministration of dehydrobenzoperidol and atropine.aesthesia. None of the patients were converted to
general anaesthesia. If administered at low doses, remifentanil has no
effect on haemodynamic variables, including systolicThere were no perioperative or postoperative per-
manent neurological deficits. No cardiopulmonary and diastolic blood pressure and heart rate,18 and in
contrast to other opioid analgesics it does not influencecomplications or deaths occurred. Patients were dis-
charged home on postoperative day two or three. cerebral capacity.19
The dose of 0.04 g·kg−1·min−1 employed in our
study was shown to be the lowest effective infusion
rate in a prospective, randomised, double blind,
Discussion placebo-controlled study.18 In our experience, it pro-
vided adequate comfort and analgesia while pre-
In a prospective study of 1000 cervical blocks for serving respiratory rate above the threshold of
carotid endarterectomy, local anaesthetic sup- respiratory depression and maintaining haemo-
plementation was required in 53%, sedation in 66%, dynamic stability, and did not hamper mental status
and conversion to general anaesthesia occurred in 2.5% evaluation. However, our results in terms of efficacy
of operations.23 Pain and discomfort during loco- need to be validated by a double-blind, placebo-con-
regional blocks can be significantly enhanced by trolled study.
anxiety and fear18 and a number of sedative and an- In conclusion, we believe that remifentanil is an
algesics have been employed in order to improve the ideal agent to use as an adjunct to regional anaesthesia
patients’ comfort and co-operation. for carotid endarterectomy because of its ease and
Benzodiazepines, such as midazolam, can reduce safety of administration. Control and maintenance of
pain levels due to anxiety, but they have a prolonged sedation and respiratory rate can be obtained by the
activity and a slow clearance rate.18 Hypnotics, like titration of its infusion rate only.
propofol, are more effective sedatives than benzo-
diazepines, but both drugs may cause haemodynamic
instability and may have negative effects on res-
Acknowledgementpiratory function.18
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